1. Introduction The interfacial issues between an electrode metal and ceramics are important to achieve ohmic contact for an electronic packaging including inner elec troes for a multi-layer ceramics in a basic study and applications as well. The interfacial issues can be treated from the view point of bondability of ceram ics and metal with its mechanical strength. There are a lot of studies for bondability relating to the structural ceramics including the development of materials for joining between them.1),2)
The selection of proper metal for joining has been mainly based on the experiences at the industries. Wetting of ceramics is one of characteristics for their bonabilities. In application to the electronic ceramics, a metal with glass frit is usually used for the bonding of ceramics with an electrode metal since a metal does not wet ceramics generally. Basic studies of PaTiO33) and (Zr, Ti)O3 ceramics4) (hereafter PZT) with electrode metals including glass frit have been studied by Sugihara and Okazaki.
For the purpose of characterizing wetting, a reac tivity parameter P is introduced by the relationship between the differece of oxidation potentials of a metal and a selected element in a ceramic, and ionic radius of the metal. The values of P were found to have the relation with a contact angle.4) There has not been a wetting study of (Pb, La) (Zr, Ti)O3 (hereafter, PLZT) with an electrode metal. This paper describes the wetting study of PLZT with the electrode metals such as Ag, Al, In, Sn and Cu in a vacuum and the qualitative evaluation of adherence properties in each case. Furthermore, the cross sec tional interfaces will be evaluated and the reactivity parameter P will be discussed on the PLZT wetting as compared with PZT.
Experiments
The The electrode metals were Ag, Al, In, Sn, Bi and Cu. The purity of every metal was higher than 99.9% and the weight was 60-100mg in a lump. (1) is selected as the oxi dation potential energy in the PLZT since Ti is the element with the smallest ionization energy in the constituents of the ceramics. In the system of Cu/ PLZT, for instance, the oxidation potentials are -0 .337V (defined at Cu (solid)-2e-=Cuz+) and +1.63V with Ti2+,6) respectively. PLZT will be rather reduced to provide oxygen to Cu. And the ion ic radius of Cu2+ is 0.057nm, then P is calculated to be 34.5 by the Eq. (1).
The metals except for Ag and Cu can easily form the oxides by oxygen from the ceramics in a vacuum, and their oxides are more stable than the oxides of Ag and Cu, comparatively. The group of stable oxides of metals will not wet the ceramics to show the obtuse contact angle regardless of the composi tions of PLZT. The migrations of Zr and Ti in the cer amics into a melted metal will be hindered by the sta ble oxide formation on the surface of the metal. The contact angles were plotted against a reactivity parameter P for each metal in the system of metal/ PLZT as illustrated in Fig. 6 . These results were es sentially similar to those in the system of metal/ PZT, showing the parabolic curve of contact angles with the reactivity.4) 4. Conclusion (1) Wettability of metal on PLZT is essentially the same as wetting on PZT although there are slight differences of contact angle between PLZT and PZT substrates.
(2) Wettability of a metal on an oxide can be predicted by the reactivity parameter defined by preferable reactions of a melted metal with a particu lar element in a substrate ceramics.
(3) Ti may lead to the improvement for wetting of Ag and Cu on PLZT.
(4) Sn and In adhered to PLZT as well as Ag and Cu although Sn was not bonded with the other ceramics such as BaTiO3 and PZT that Ag and Cu did. The bonding mechanism should be studied and classified on every electrode metal in order to predict their bonding strength.
